INTESCQMMONXCATXinS ASSAIUmiS WCfR UOSJ^SX. SYSTEM. 
CAPABLE OF DETECTXN6 FAILUItEl THEREOF 



BACKSROTOD OF THE IWVEKTlOITi 

Tbls invention relates to an intercQnBnunxeating 
apparatus for a duplex system, in particular, to an 
intercommunicating apparatus and an intercommunicating meth.od 
capable of detecting an abnormality of intercommunicating 
information between processor boards in a duplex processor 
apparatus . 

In a duplex processor apparatus <or system) in which two 
processor units are used as mates (i.e« active and standby 
proceasoir systems) , the processor units interoommunicate 
veurious kinds of information signals between th&a to make 
possible to be switched one to another vcpon occurrence of a 
failure in the active pfocessor system, 

Presently, the processor boards on which processor units 
are mounted individually have interconaaunieating portions 
connected to each other with cables or buses and forming an 
intercommunicating apparatus for transmitting and receiving 
the information signals. 

The information signals must be transmitted and received 
between the intercommunicating portions without fail. Thus, 
the existing intezcommunicating ^psiratus is designed so as to 
detect cable disconnection for the cables between the 



in.'tercOTunxmi.ca'bliig por'ti.ons. 

Rovesvetx, Ishe exislsin^ int&rcenmnunica'bing a,pparatus has 
a pcoblem that it caj» not deal with a failure except for the 
caJsle dLxscozuieotion. 

SnMMMOr OF THE IKVENTIQW : 

It is therefore an object of this invention to provide 
intercommunicating aj^aratxis which can deal with a failure 
thereof , 

Other object of this invention will become clear as the 
description proceeds. 

On describing the gist of an aspect of this invention , 
it is possible to understand that an intercommun i eating 
apparatus transmits a plurality of intercommunicating signals 
parallel to one another from a first processor unit to a second 
processor uziit of a duplex processor apparatus. 

According to the aspect of this invention, the 
intercommunicating apparatus comprises an output driver 
connected to the first processor unit to transmit the 
interc«maunicating signals supplied f reaa the first processor 
unit in the form of a serial signal having a redimdancy data 
structure. An input driver is connected to the output driver 
and the second processor unit and receives the serial signal 
transmitted from the output driver to reproduce the 
intercommunicating signals in the form of parallel signals and 
to supply the reproduced intercommunicating signals to the 
second processor unit. 
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In the i,nt:a£GOimiimr>ieating apparatus, the output driver 
comprises a coding circuit to produce an error detecting code 
signal as th« serial signal. The Input driver comprises an 
decoding circuit and decode the error detecting code signal to 
detect an error on the error detecting code signal. The 
decoding circuit suspends supply o£ the reproduced 
IntercCTBionnlaatlng signals to the second processor unit when 
the error is detected. 

Purthenaore , the cording circuit coxftprlses a redundancy 
bit producing circuit connected to the first pzrocessor unit: for 
producing at least one redundancy hit on the basis of the 
interccsBBttunxcatlng signals. A multipleacing circuit is 
connected to the redundancy bit producing circuit to xnmltiplex 
the intereonasRinicating signals and the redundancy bit(s) in a 
pxredetermlned crycle to pcoduce the serial signal . The decoding 
circuit comprises a demultiplexing circuit connected to the 
multiplexing circuit to demultiplex the serial signal into 
received Interconmiunicating signals and received redundancy 
blt(s) . An error detecting circuit is connected to the 
demultiplexing circuit to detect an error on the received 
intercoamunicating signals by the use of the received 
redundancy bit(s} . A signal holding circuit is connected to 
ttte error detecting circuit and said second processor wiit . The 
signal holding circuit holds the received intercommunicating 
signals to supply the received intercommunieating signals as 
the reproduced intercommunicating signals to the second 
processor unit. 
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According -to another aspect of thxs invention, ^ method 
for transmitting a plursility of intercanmmnicating- si^nal^ 
parallel to one another from a first processor nnit to a second 
processor unit of a duplex processor apparatus comprises the 
steps of changing the intercommunicating signals supplied from 
the first processor unit into a serial signal having a 
redundancy data structure, reproducing the Interconsnunicating 
signals in the form of parallel signals frrai the serial signal, 
and supplying the reproduced Interccumnunieating signals to the 
second processor unit. 

In the above mentioned method, the serial signal 
comprises an error detecting code si^ial. The method further 
con^rises the st^s of detecting an error on said error 
detecting code signal, and suspending supply of the reproduced 
intercommunicating signals to the second processor unit when 
the eirxof is detected- 

Particularly, in the method, the changing step con^rises 
the steps of producing at least one redundancy bit on the basis 
of the intezcommuzxicating' signals, and mnltxplexxng the 
intercommunicating signals and the redundancy bit{s> in a 
predetermined cycle to produce the serial signal. The 

reproducing step coa^rises the steps of demultiplexing the 
s&xL&l. signal into received intercommunicating signals and 
received redundancy bit<s) , detecting an error on the received 
Intercommunicating signals by the use of the received 
redundancy bit (s) , and holding the received interccamnunicating 
signals in a signal holding circuit to supply the received 
interco mmun icating signals as the reproduced 



xntegcc nmn-un i catAng signals to -blie second, pirocessox iini.i:. 

F±g. 1 Is a block diagram o£ an existing 

intercc^umtmicatlng apparatus ; 

Fig. 2 is a block diagram of an intereommnnicating 

aiE^ratus according to a preferred enbodiioent of this 

inventions- 
Fig . 3 is a block diagram of an intercommianication portion 

used in the interconanunicating apparatus of Fig. 2; 

Fig. 4 is a tdLme chart for describing an operation of the 

interccanmunicating apparatus of Fig. 2; and 

Fig. 5 is a block diagram of another intercommunicating 

apparatus according to another embodiment of this invention. 

DESCRTPTI OK OF THR PREgEKRE D EMBODIMEHTS ; 

Referring to Fig . 1 , description will be at first directed 
to an oKisting intercommunicating apparatus for a better 
understanding of this invention. 

In Fig. 1, the existing intercommunicating apparatus 
comprises intercommunicating portions 0 side 10 and 1 side 11. 
The intercoaimunicating portions 10 and 11 are individually 
provided on processor boards on which processor units are 
mounted. Hie processor boards are connected to a comiaon back 
wiring board (not shown) or a common printed wiring board (not 
shown) to fo23B a duplex processor apparatus- Therefore^ the 
intercommunicating portions 10 and 11 are connected to each 
other via a plurality of cables or buses attached to the back 
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wiring board or fozmed on. the printed wiring board. 

The intercommunicating portions 10 and 11 have bus 
dri-rers for -transmitting and receiving qperation mode signals 
slO and sll to prepare for switching between an active system 
and a standby system of the dttplex processor apparatus . in the 
intercommunicating apparatus of Pig. 1, the bus driver of the 
intercommunicating portion 10 comprises a pulse generator 100 
while the bus driver of the intercommunicating portion 11 
coatprises a data receiver 110 . The operation mode signals slO 
include, for example, a signal (liiCTN) r^resentative of being 
an active system, a signal (SYCKT) representative of being in 
a duplex operation, and a signal (SUNN) representative of the 
processor being in execution. 

Though the structure for transmitting the operation mode 
signals slO and sll from the intercommunicating portion 10 to 
the intercommunicating portion 11 is merely illustrated in Pig. 
1, the intercommunicating apparatus further comprises 
additional bus drivers (not show) for transmitting and 
receiving other operation mode signals from the 
intereommuaieating portion 11 to the interccamnunieatiag 
portion 10 . However , es^lanation of the additional bus drivers 
is omitted to siasplify the description of this invention. 

In the duplex processor apparatus , it is required to cause 
no abnormal operation upon occurrence of a failure in the 
intercommunicating apparatus . It is true of a case where the 
buses are partially or entirely disconnected fr<aa the 
intercommunicating portion 10 and/or 11, 



The Qperati.on. mode signals slO and sll are transml-bted 
and received as xndi.vi.dual si.gnaXs sX tbxovgh the buses ±n tlxe 
existing inter con ai m n ioa'fcing apparatus. Tlierefore, there is a 
ease where one or more of the operation mode signal (s) is (/are) 
not transmi tiled or received hy one of the intercommunicating 
portions 10 and 11 when buses is partially or entirely 
diseonnected £rom the interoomimmicating portion 10 and/or 11. 
Xn such a case, there is a possibili'bjf of abnormal operation 
in the duplex processor apparatus. The duplex processor 
apparatus should also carry out a normal operation in such a 
case. 

In order to meet such requirement, for example, Japanese 
Unexamined Patent Publication (A) No. S59-172836 proposes to 
detect cable disconnection for the cables connecting the 
intercommunicating portions , thereby preventing occurrence o£ 
a state abnormalxty xn the duplex processor apparai^us . 

However, the method disclosed in the above mentioned 
prior art document can not detect and deal with other failures 
than the cable disconnection, for exainple, a failure of the 
intercommunicating apparatus or the back {or printed) wiring 
board. 

Thus, in case where the failure causes a trouble such that 
a certain operation mode signal is fixed to a high level or a 
low level on a cable between the intercommunicating portions , 
a receiving side of the processor units causes a state 
abnormality in its operation for the duplex processor apparatus . 
Fox- example, it is indefinite which processor xmit shoxxld be 
the active system and a normal duplex operation can not be 
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carried out; In the duplex processor apparatus. 

In addx-tion, In a case where the receiving side Is the 
standby system, it can not prepare an initial condition for 
being switched Into the active system. That is , a nozmal duplex 
operation can not be carried ou-b In this case. 

Furthermore, In the existing method, the aclilve system 
is indefinite in the above-mentioned case. Therefore, it is 
In^osslble to star-b the duplex processor apparatus with one 
system (as a simplex processor apparatus) . This may possdLbly 
cause system down. 

S-till furthermore. It Is assumed that a case where an 
additional processor board Is Inserted Into a module perfozmlng 
a normal operation as a simplex processor apparatus to form the 
duplex processor apparatus, in this case, if the additional 

pjTocessox: boand has a failure such tihat one or more operation 
mode signals provided from an Intercommunicating* portion 
moxmted thereon are fixed to the high or low level, the system 
down may be possibly caused in the duplex processor aK»aratus. 

Referring to Flg-s. 2 thx-ough 4, the description will 
proceed to an intercommunicating apparatus according to a 
preferred embodiment of this Invention. 

Fig. 2 Is a block diagram showing the intercommunicating 
apparatus according to the preferred aobodlment of this 
Invention . 

In Fig . 2 , the intercommunicating apparatus comprises 
intercommunicating portions 0 side 20 (hereinafter may also be 
referred to as "0 system") and 1 side 21 (hereinafter may also 
be referred to as ''1 system") and a bus or a line connecting 
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the intercomHmnicating portions 20 and 21 with each other , 5h© 
xnteKconmunicating portions 0 side 20 and 1 side 21 corzresponds 
to a 0 systesB. unit {or a 0 system processor board) (not sho-wn) 
and a 1 system unit (or a 1 system processor board) (not shown) 
o£ a duplex processor apparatus, respectively. Th& 
inter e<Mimmnieating portions 20 and 21 are generally mounted on 
the processor boards individually. The bus is generally 
attached to the back wiring board on with connectors for 
receiving the processor boards are mounted. The bus may be 
formed on a printed wiring board which is connectable to the 
processor boards and different from the back wiring board. 

The intercommunicating portion 0 side 20 has a 
transmitting side (or output) driver which con^rises a parily 
generating circuit 201 as a redundancy bit producing circuit, 
a timing generating circuit 202, and a parallel/serial 
converting circuit 203 as a multiplexing circuit. The output 
driver serves as a coding circuit. The parity generating 
circuit 201, the timing generating circuit 202 and the 
parallel/serial converting circuit 203 may be formed in a single 
chip. In sucih a case, the intercommunicating portion 20 is 
sin^lified in production thereof and avoids carrying out an 
abnormal operation caused by bad connection among them. 

On the other hand, the intercommunicating portion 1 side 
21 has a receiving side (or input) driver which comprises a 
serial/parallel converting circuit 211 as a demultiplexing 
circuit, a parity checking circuit 212 as a error detecting 
circuit, and a state holding circuit 213 for holding an 
operating state information of the 0 system as a mate systeai. 
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The i.npn'b dzrlvez sexves as decocLL&g ci.rcux-b. Tlie 
sdzri.al/pacallel eonv^ri^xng circuit 211 and tOie st:ai:e holding 
circuit; 213 xnay be foxmed in a single chip, in such a case, 
the intercommunicating portion 21 is simplified in production 
thereof and avoids carrying out an abnormal operation cau9od 
by bad connection among them. 

Though the circuits for transmitting a signal from the 
Q system 20 to the 1 system 21 is merely illustrated in Fig. 
2, the interconmmnicating portions 20 and 21 conipris© similar 
circuits for transmitting another signal from the 1 system 21 
to the 0 system 20. That is, the interccxmnunicatiag portion 
20 is structured as illustrated in Fig. 3 while the 
intercommunicating portion 21 is similar to the 
intercommunicating portion 20. 

As shown in Fig. 3/ the interconunnnicating portion 20 has 
an additional receiving side driver which coinprises a 
serial/parallel converting circuit 204, a parity checking 
circuit 205^ and a state holding circuit 206 in addition to the 
transmitting side driver illustrated in Fig. 2. 

For convenience, description will hereinafter be made of 
the structure and the operation of this embodiment in 
conjunction with the structure illustrated in Pig. 2, 

Referring to Fig . 2 , in the intercommunicating portion 
0 side 20, the parity generating circuit 201 is supplied with 
intercommunicating signals s21 such as operation mode signals 
on respective signal lines . The operation mode signals are used 
for defining the active and the standby systems in the di^lex 
processor apparatus. In ot^er words, the operation mode 
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signals define an opera-bxon of each processor iDoaxd of the 
duplex processor aj^aratus. In the ennbodiaient of Fig. 2, the 
operation mode signals include a signal ACTN representative of 
an active system (active system being indicated toy a low level) , 
a signal S^CNC representative of a duplex operation state (duplex 
operation being indicated by a low level) , and a signal BOEm 
representative of being in execution (in execution being 
indica-ted by a low level) . 

The parity g€Hierat3.ng circruit 201 produces a parity fait 
p20 as a redundant bit (a) based on the signals s21 . For exanrple , 
the parity bit p20 is decided so that the manber of high levels 
of the signals s21 is equal to an odd number. The parity 
generating circuit 201 supplies the signals s22 as parallel 
signals s21 together with the parity bit p20 to the 
parallel/ serial converting circuit 203. 

The timing generating circuit 202 generates a timing 
signal t20 in a predetermined cycle (frame cycle) . 

The parallel/ serial converting circuit 203 is supplied 
with the parallel signals s22 and the parity bit p20 from the 
parity generating circuit 201 and multiplexes the parallel 
signals s22 and the parity bit p20 at a timing of the timing 
signal t20 to produce a serial signal s23 as an error detecting 
code signal. The serial signal s23 is delivered to the 
interconnaunicating portion 1 side 21 as a mate system. 

In the intercommunicating portion 1 side 21 ^ the 
serisa/parallel converting circuit 211 is su£^lied with the 
serial signal s23 from the intercommiunieating portion 0 side 
20 as the mate system. The serial/parallel converting circuit 
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2X1 produces received paxcillel signals s24, a received padtiy 
signal p21, and a parity clieclc timing signal t21 obtained by 
reproducing the timing signal t20 of the mate system (0 side) . 

The parity checking circuit 212 checks parity of the 
received parallel signals s24 by the use of the received parity 
signal p21 at a timing of the parity check timing signal t21. 
tghen the parity of the received parallel signals s24 is valid, 
the parity checking circuit 212 xoakes the state holding circuit 
213 hold checked parallel signals s25, which are identical with 
the received parallel signals s24, as the operating state 
information. On the other hand, upon occurrence of an error 
in the parity of the received parallel signals s24, the parity 
checking circuit 212 produces a clear signal c21 to clear the 
held content of the state holding circuit 213. 

The state holding circuit 213 continuously holds the 
checked parallel signals s25 which is updated in response to 
the parity check timing signal t21 as far as the parity of the 
received parallel signals s24 is valid. Furthetmore, the state 
holding circuit 213 produces as the mate state ouiqput signal 
(or reproduced interconmwinicating signals) s26 those signals 
representative of the state of the mate system. 

"Vthen the parity error or the like is detected, the state 
holding circuit 213 de-asserts the output signals in response 
to the clear signal g21 from the parity cheeking circuit 212 . 
In other words , the state holding circuit 213 produces the mate 
state output signals s26 of a high level when it is cleared by 
the clear signal c21. This is because the operation mode 
signals s21 including ACTH, S'iCS, andRDHN has a negative logic. 
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However, i£ -the receiving side driver is In the s^aAdaay system, 
tlie s-tats holding cireulii 213 xuay maintain the held content 
updated at the last timing of the parity eheek timing signal 
p21. 

Additionally, the parity generating circuit 201, th© 
timing generating circuit 202 , the parallel/ serial converting 
circuit 203, the serial/parallel converting circuit 2X1, the 
parity checlcing circuit 212 , and the state holding circuit 213 
illustrated in Pig. 1 are well known to those skilled in tJie 
art and have no direct concern with this invention . Therefore, 
the detailed description of their structures is omitted herein . 

Next, description will be made of the operation of the 
duplex interoommunicating apparatus of this embodiment with 
areference to the time chart of the operation timing illustrated 
in Fig. 4 in conjunction with the case where the operation mode 
signals are transmitted from the 0 system 20 to the 1 system 
21 of Fig. 2. 

Xn the intercommunicating portion 0 side (0 system) 20, 
the parallel/serial converting circuit 203 saaqples the parallel 
signals s22 (i.e. ACTN, SYCN and RUilN) and the parity bit p20 
at the timing of the timing signal t20 having the predetermined 
frame cycle. Tbu& parallel/serial converting circuit 203 
produces a start bit at each leading edge (tl, t3) of the timing 
signal t20, then suocessively produces an ACTN bit, an SYCtNblt, 
an KONN bit, and Parity bit on the basis of the sampled parallel 
signals s22 and the san^led parity bit p20 , and assembles these 
bits into a single frame to be produced as the serial signal 
s23. The serial signal s23 is transmitted to the 
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in-tercemmuniaating poxrbion 1 side (1 systeon} 21 as -the ma-te 
sys-fcem.. Hesea-n, the cycle o£ the geneca-bed. timi.ng sxgnal t20 
±s not shorter than a sxng-le frame (or the -to-tal bit width of 
the above-mentioned bets) of the serial sxgnal s23. 

On the other hand, in the 1 systieia 21, the serial/parallel 
converting clrcul't 211 Is supplied with the serial signal s23 
and detects the Starl: bl-b to obtain the timing (tl, t3} . The 
timing (tl, t3) is used for not: only detecting the parallel 
signals sZ4 and the parity signal p21 from the serial signal 
s23 but also for deciding the parity check timdLng <t2, t4) after 
predetermined -time £rom -the timing (tl, t3) . The 
serial/parallel converting circuit 211 reproduces the parallel 
signals s24 including ACmi, SYCN and KONN and the parity signal 
and produces the parity check timing signal t21. 

The parity checking circuit 212 carries out -the parity 
checking operation in s3fnchronism with the pari-ty check timing 
signal t21. In absence of a pari^ error, the memory conten-t 
of the state holding circuit: 213 is \;^»dated at -the timing (t2, 
t4) of -the parity check timing signal .-t21. In presence of the 
paxity eiraror , the held content held in the state holding circuit 
213 is cleared by the clear signal c2l and the output signals 
s26 of the state holding circuit 213 has high level though such 
a situation does not illustrated in Fig. 4. 

When the processor board receives -the ou-t^t signals s26 
having the high level, it acts in a system without the mate. 

The above-mentioned operation is only for transmission 
from the 0 system, to the 1 sys-tem as illustrated in Fig. 2. 
However, because this is the circuit in the in-tercoramuniea-ting 
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apparatus, the similar operation is carried out In the other 
circuits for transmitting the signal from the 1 systeia to the 
0 system. 

!Ehls embodiment Is advantageously used as the 
Intercommunicating apparatus of the duplex processor a^ara-bus 
In which the operation mode of the active systeon. daring 
operation ±& meittorlzed in the state holding circuit o£ the 
standby system and the c^ratl<Mi Is Immediately started xn the 
operation mode as the memorized content upon switching from the 
standby system Into the active system. That Is, according to 
this enibodijiaent, it is possible to reliably carry out a control 
£or switching from the standby system Into the active system. 

Furthermore, in each interecamounieating portion of this 
embodiment, the parity error is utilized as described above. 
In this manner, it is possible to determine whether or not the 
signal representative of being the active system is abnormal 
and to avoid the abnormality such that the active syst^ Is 
indefinite. 

In addition, according to this efflbodiment, it is possible 
to check the normality of the intercommunicating portions 
between the mates and to smoothly switch the active system and 
the standby system from one to another. 

In case where the signal line is fixed to the high level 
state or the low level state due to the failure in the printed 
wiring board or the back wiring board, the normality of the 
IntercCTUiunlcating signals between the mates is checked by the 
redundant bit (s) . It is therefore possible to avoid the problem 
that the active system can not be identified, state setting can 
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not, Ise aade, Atid a s-baittlng firj^steia can not be detemined due 
to the abnonaalxt^r in operation modes of the dx^lex processor 
boards. If the starting system can not be detez;mined, the 

duplex pirocessoK appaaJSLtias is put into a sy^'^^^'dotm state. 
According to this en±>odiinient , it is possible to shorten the 
syst€m-down period of the duplex processor apparatus. 

In particular, in the duplex processor apparatus/ it is 
a^stnoed that a processor board is inserted into a module in order 
to change the system structure in a simplex operation into a 
duplex structure. In this events it is possible to suppress 
the system down due to the abnormality in system structure 
caused upon occurrence of high-level stack or low-level stack 
in the intercommunicating signals supplied from the processor 
board. 

Xn this embodiment, the intereommanicating signals 
between the mates are multiplexed, in to the serial signal so that 
the number of signals is reduced. Therefor©, the nxtmber of 
points where a production defect is produced is also reduced. 

Furthermore, since the muriber of signals is reduced, the 
number of driver components is reduced . The reduction in number 
of the signals on the back wiring board results in reduction 
of the number of layers of the back wiring board. Thus, this 
structure is also effective in lowering the system cost. 

^f erring to Fig. 5, the description will be made about 
another intercommunicating apparatus according to another 
enibodiment of this invention, 

Xn Fig. 5, the 1 system 21 further comprises a timer 
circuit 214 connected to a clock generator (not show) at a clock 
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t&jMLnal ol, to the serial/parallel convexting circuit 211 at 
a reset terminal R, and to the state holding circuit 213 . The 
-b±iaef e±z:«3ui.ti 214 is supplied with a clock signal (CUC) from 
the clock generator via the clock terminal cl and with the parity 
check timing signal tZl from the serial /parallel converting 
circuit 211 via the reset terminal R. The timer circuit 214 
counts pulses of the clock signal to produce the counted value 
which is reset by the parity check timing signal t21 . Furthex, 
the timer circuit 214 compares the coxmted value with the 
predetermined value which is previously set into the timer 
circuit 214 , The predetermined value is decided so that a time 
period represented thereby is longer than the cycle of the 
parity check timing signal t21 . liceordingly , the counted value 
does not reach the predetermined value as long as normal 
operations of the duplex processor^ apparatus and the 
intercommunication apparatus is normally carried out. When 
the parity check timing signal t21 is not produced for the time 
period representative of the predetermined value, the counted 
value reaches the predetermined value . When tine counted value 
is equal to the predetermined value, the timer circuit 214 
produces a time out signal e22 to clear the held content of the 
state holding circuit 213. 

Thus, an abnczmal operation of the duplex processor 
apparatus can be avoided in a case where an operation error in 
production of the parity Check timing signal t21 . The operation 
error is caused by , for example , disconnection of the processor 
board of the mate system. 
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While tihis invention has thus far been described in 
conjunction with a £ew embodiments thei^of , it will readily be 
possible for those skilled in the art to pwt this invention into 
practice in various other manners . For exan^le , the redundancy 
bit producing circuit may use an error correcting code or a 
cyclic red\iadaney check (CSC) code so as to correct the error 
on the serial signal s23. 

Furthermore, the intercoiaintmicating signals s21 may 
include a signal (s) for preventing the system down of the duplex 
processor apparatus and/ or for sucppressing a system down period 
in the duplex processor apparatus than the operation mode 
signals . For example , the signals s21 include a signal defining 
an emergency operation. 



